The research set out in this paper attempts to identify whether one of three conventional IQ tests is more capable of identifying intellectual potential amongst poor children in Dar es Salaam. To this end 1857 children from 17 government schools in poor districts of Dar es Salaam were asked to complete a questionnaire and undertake a range of tests. The study included teacher, peer and self-nomination. It has been noted that static testing may not fully elicit the abilities of African children. It has been suggested that dynamic testing might provide a more fair and equitable means of assessment. Therefore 101 students took part in a control and intervention group in order to investigate. The findings show a significant correlation between IQ test scores and other test outcomes. Those with larger families and older children perform less well on IQ tests. Peer ability and selfconfidence positively influence test scores.
Introduction
There has been much debate around the utilisation of conventional intellectual ability tests with Black Africans living in developing contexts. According to 'it has been suggested that Black Africans living in non-westernised settings might score relatively poorly on conventional tests for intelligence' (Sternberg et al., 2002, p. 157) . There is some debate regarding what previous studies show concerning average IQ scores. Work by Lynn (2003) and Lynn and Vanhanen (2002, 2006) concluded that the average IQ of Black Sub-Saharan Africans lies below 70 based on western norms and conventional IQ tests. Others disagree. Wicherts, Dolan, Carlson, and van der Maas (2010) carried out a systematic literature review of selected published data on performances on the Standard Progressive Matrices (SPM) and the Coloured Progressive Matrices (CPM) in Sub-Saharan African countries. Initially they calculated a score only using papers that complied with certain criteria (i.e. no time limit for the test, the test rules were followed, sample size representable of the population) critiquing the methodological approach of Lynn and Vanhanen's (2002) who did not justify study selection. Wicherts et al. (2010) found utilising the selective methodology that IQ scores in Africa (based on SPM and CPM) were somewhere between 78 (UK standards) and 80 (US standards), 11 IQ points higher than Lynn and Vanhanen (2002) had reported. An investigation by Wicherts et al. (2010) into the reliability of the Raven's test based on African samples (countries included Nigeria, Ghana, South Africa, Congo, Kenya, Uganda and Zambia) suggested a high level of concordance (.80 Cronbach's alpha) in line with findings from western studies. However, they report that the retest reliability conducted after 6 months was quite low (.59) and concurred with the literature in their study. Interestingly, from the studies cited there was a positive rank order correlation between reliability and publication date; that is, reliability improved with newer published studies.
Convergent validity was also investigated and reported as being low in comparison to British samples. However, Wicherts et al. (2010) point to 16 studies that demonstrate some significance of the value of SPM and CPM measures within African-only educational settings. The studies included had a range of scores from low to moderately high, but all positively reported SPM and CPM as being predictively valid. For example, Sternberg et al. (2001) examined children in rural Kenya and found a moderately weak correlation between CPM and English and mathematics achievement (N = 85, r = .19). The same study reported significant negative correlations with practical intelligence (tacit knowledge). One relatively high correlation included the work by Maqsud (1980) who examined boys from Nigerian schools and reported a significant correlation between SPM and English and arithmetic (r = .59) test scores. However, the authors adopt a cautious approach when considering both Ravens tests (including the Advanced Progressive Matrices) and their predictive associations with educational outcomes.
Different explanations have been given regarding why the average IQ of Black SubSaharan Africans might be lower based on western norms. These include:
• genetic differences (Herrnstein & Murray, 1994) ; • cultural differences in interpretations of test questions (Cole, Glick, & Sharp, 1971 ); • that cognitive tests scores are influenced by the amount of schooling and therefore when children profit less from their school environment scores will be lower (Ceci & Williams, 1997 ); • that static testing focuses on developed ability that children in difficult circumstances may not have had an opportunity to 'develop' ; and • children who are not familiar with test content and/or format (i.e. not testwise) may not perform at their capacity in static testing .
In poor areas of developing countries, some school stakeholders, such as government officials, teachers and district education officers believe that children who are often first generation learners, with illiterate parents, are incapable of learning (Humble, 2015; Frasier, 1987; Iyer & Nayak, 2009) . The contribution to the economic development of their country through their human capital and cognitive skills is therefore often overlooked. It is important to be able to dispel any myths regarding these children's inability to excel. According to Hanushek and Woessmann (2012) 'school policy can, if effective in raising cognitive skills, be an important force in economic development' (p. 300). It is key, therefore, in such developing settings, to ensure that children's potential does not remain unrecognised, unsupported and untapped. The use of foreign or imported tests to study psychological constructs in settings other than where they were developed is contentious (Greenfield, 1997; International Test Commission, 2010; Mpofu & Ortiz, 2009) . The presuppositions behind test items and testing procedures cannot be assumed to translate cross culturally. There is a need, therefore, to understand the potential for cross-cultural adaptation of existing measures of human abilities. The evidence would be of value to allow the tailoring of instruments to different contexts and to modify or develop new measures more appropriate to each setting (Hambleton, Merenda, & Spielberger, 2005; Mpofu, Oakland, Ntinda, Maree, & Seeco, 2015) . suggests that 'conventional' western IQ tests 'may fail fully to elicit the abilities' (p. 142) of African children. This in part could be owing to the children being unaccustomed to the methods for taking such tests. It is also suggested that disadvantaged students (those having unequal learning opportunities owing to the lack of education) may benefit from dynamic testing, which should reduce educational inequalities by providing a more fair and equitable means of assessment. Dynamic testing implies measuring the 'psychological processes involved in learning and change' (Sternberg et al., 2002, p. 143) alongside feedback from the examiner after each task so providing a two-way interactive relationship between examiner and examinee. Vygotsky (1962) is credited for introducing the concept of dynamic testing and others have carried out research directly from Vygotsky's theory (Brown & Ferrara, 1985; Guthke, 1992; Lidz, 1987) . By contrast, static testing examines pre-existing skills providing no feedback during the test where a neutral relationship exists between examiner and examinee. There have been a number of research programmes carried out looking at dynamic testing, reviewed by Grigorenko and Sternberg (1998) and . As Grigorenko and Sternberg (1998) state there are a wide variety of testing contexts in which dynamic testing has been explored, including with disadvantaged pupils (Bolig & Day, 1993; Borland & Wright, 1994; Hickson & Skuy, 1990) . Indeed the work of Feuerstein, Rand, and Rynders (1988) looks at the application of dynamic testing with disadvantaged children who may perform poorly on conventional static tests. These pupils are those 'having unequal learning opportunities due to deficient previous education' and that dynamic testing for these students would 'reduce educational inequalities by providing what are seen as more compassionate, fair, and equitable means for assessing students' learning capacities' (Grigorenko & Sternberg, 1998, p. 76) . Dynamic testing, according to the overall review, allows for a more true evaluation of disadvantaged children's potential. The intervention in the dynamic testing process allows a re-evaluation that could dramatically change performance. Using the concept of dynamic testing tested 458 children in standards 2-5 in rural villages near Bagamoyo, Tanzania. There were 358 in the experimental group who experienced dynamic testing and 100 in the control group who experienced static testing. The hypothesis was that dynamic testing exposed the mental abilities of children more than the static testing. The tests/tasks included Syllogisms, Sorting and Twenty Questions. Children were given a pre-test and a post-test. Those in the experimental group benefited from an intervention, teaching cognitive skills and strategies, that contributed to greater success on the specific test(s) (pre-test-intervention-post-test design). The control group had no intervention. The intervention was less than an hour per task. The intervention was not specifically on the post-test but on skills that could be used to help understand how to carry out the test more efficiently and effectively. The findings revealed that the experimental group improved more than the control group from pre-to post-testing. Rank order also changed. The correlation between pre-test and post-test for the experimental group was weak. The control group correlation was substantial and significantly higher than the experimental group. The research however suggests that dynamic testing is a supplement to static testing but not a substitute. Klingelhofer (1967) used the SPM to test 3692 secondary school children in Tanzania. These children were made up of different Tanzania tribes as well as Asian children living in Tanzania. Regarding the findings, consideration should be given to the fact that in the 1960s children of African, Asian and European descent would have been racial segregated owing to the colonial education system operating in Tanzania at that time (Anangisye & Fussy, 2014) . The findings showed that when looking for any significant difference in scores there were none between different Tanzania tribes or Asian community sub-groups. However, considering differences in mean level SPM scores there was a significant difference between all African and all Asian pupils. Reasons suggested for this included cultural factors, such as Asian students living in town, starting school earlier and hailing from literate families. Another suggestion is that in Asian languages compared to Kiswahili there are terms such as 'divergence' and convergence' which assist with some concepts used in the Progressive Matrices (PM) tests, but such concepts do not exist in Kiswahili.
The India languages are apparently more effective and economical in dealing with these complex abstract notions and represent an additional cultural factor which is probably involved with the PM scores. (Klingelhofer, 1967, p. 212) The data also show a statistically significant inverse relationship between age and score, possibly implying that older children in their grade are late starters or slower learners.
This paper considers two issues. The first is to try to determine whether one of three conventional IQ tests would fit more accurately with other methods to identify intellectual potential in children living in poor urban areas of Tanzania. To this end three different IQ tests, three conventional subject tests, along with background and self-perception questionnaires and teacher opinions were gathered. The second focus is to ascertain whether the children's static performance on a traditional IQ test could be seen as a true indicator of their ability and level of knowledge. Children in urban Tanzania will never have undertaken tests where they need to utilise their cognitive capacity to encode and analyse information in such an abstract form. Therefore this research set out to investigate whether dynamic testing would allow children to gain a greater understanding in order to complete different items more effectively and efficiently.
The research questions to be explored around these two issues are:
• Of the three IQ tests does one correlate more strongly with other indicators of intellectual potential and high ability? • Are there any correlations between the IQ standardised test scores and other learning outcomes, family background and school factors? • Does dynamic testing lead to an increase in score levels?
• If there are gain differences in the static and dynamic group scores could this imply dynamic testing provides a greater understanding of what the test items require?
Method

Participants
Conventional IQ test sample A total of 1857 primary students from 17 government schools situated in poor areas of Dar es Salaam in Tanzania were asked to complete a questionnaire as well as undertake tests as part of an Economic and Social Research Council funded project which looked to identify talented children living in poverty. The 1857 children were made up of 52% girls and the mean age for the whole sample was 11 years (standard deviation 1.1 years). Students in groups of 40-50 in classes 4 and 5 completed the tests/questionnaires. In total 33 scripts had missing data, thus 1824 have been analysed. The study also included teacher interviews, parent interviews and household surveys. 1 All students and their parents were informed through their schools that the purpose of the assessment exercise was to assess the strengths or talent areas of the students, that participation was voluntary, and that the results of the assessment would be kept strictly confidential and for research use only (Dixon, Humble, & Chan, 2016) .
Dynamic and static sample
To explore issues highlighted in the literature regarding performance by disadvantaged students on conventional IQ tests a sample of 101 children were recruited -52 girls and 49 boys -to whom the same SPM test was administered twice. These children were in grade six, aged 10 through 12 years old. They were all from one school operating in a poor part of the Kinondoni district, Dar es Salaam. The static and dynamic groups had approximately equal proportions of boys and girls; the static having 24 girls and 25 boys, the dynamic 28 girls and 24 boys.
Materials
Conventional IQ test focus
Tests administered included one of three conventional IQ tests. These were the Ravens Standard Progressive Matrices Plus Version (SPM), the Matrix Reasoning test from the Wechsler Abbreviated Scale of Intelligence -Second Edition (WASI-II) and the Naglieri Nonverbal Ability test (NNAT2). Mathematics, English reading and Kiswahili tests were also administered. The mathematics test was made up of 26 items taken from GMADE 1 to 4 (Pearson) and the English reading test from the 'Single Word Reading Test' (National Foundation for Educational Research) made up of 60 words. The schools in which the different IQ tests were to be distributed were randomly selected. As the SPM (n = 823) and the NNAT2 (n = 833) are whole class administered, seven schools were randomly allocated for each of these (all children in class 4 and 5). Three schools took the WASI-II as this is individually administered taking up much of the researchers' time, thus fewer children took this test (n = 168 all children in class 4 and 5). In order to address issues around cross-cultural transportability of tests, pilots were carried out in Morogoro schools, west of Dar es Salaam. Teachers and educationalists in Nairobi devised the Kiswahili test made up of ten items. Changes were made after the pilot through discussions and in collaboration with local teachers. Similar procedures were carried out for developing the mathematics and English reading tests. The questionnaire included a background questionnaire, thoughts around, and peer nomination of children regarded as high ability and a self-perception questionnaire the Student Multiple Intelligences Profile (SMIP). The SMIP is a likert-scale questionnaire developed by Chan (2001) based on Gardner's Multiple Intelligences theory.
Dynamic and static focus
Both groups took the SPM twice. The static group sat the test, followed by an hour break (playing outside) and then took the same test again. The dynamic group took the test followed by an intervention, which discussed a range of non-verbal reasoning items. This was carried out during a workshop where there was interaction between the examiner and examinees. Following directly on from the workshop the dynamic group then retook the SPM test.
During the hour workshop the children in the dynamic group were given questions that utilised different skills to help in their acquisition of new cognitive operations. These skills included the recognition of one and two line symmetry and the identification of sequential patterns developing within rows and columns. The intervention was carried out with the whole dynamic group with the questions becoming progressively more difficult over the hour. Children were given feedback until they either solved the problem or could not proceed to gain the answer. Instruction was given in Kiswahili and diagrams were drawn on the board to help support concrete understanding.
The testing occurred in the morning for both groups and they were from the same grade at the same government school in the Kinondoni area of Dar es Salaam. It was reported that their teacher had randomly put these children into two groups.
Results
Effect of IQ test taken
The table below shows the differences in outcomes between those pupils who took the WASII IQ test and those taking one of the other tests -SPM or NNAT2. Table 1 shows the percentages of pupils taking each IQ test that were identified as high ability as well as having intellectual potential as determined by either their teacher, peers, test scores or self-assessment.
From the table it is clear that pupils taking the WASII test were more likely to be identified as high ability on each indicator, apart from the one based on self-assessment. Table 2 shows the raw score mean and standard deviation for each of the SPM, NNAT2 and WASII (MR). It also shows the mean scores on the other tests for the three groups of pupils, plus the effect size (WASII mean minus overall mean, divided by standard deviation). The IQ and Reading scores are standardised by age. As the SPM was the plus version the SPM+(2008) norm tables were used to standardise the SPM (Pearson, 2008) . Regarding the NNAT2 the 2011 norms were used, first converting the raw score to the scaled score and then converting this to the Naglieri Ability Index using the norm tables (Pearson, 2011a) . Finally for the WASII the Matrix Reasoning Score was first converted to its T score equivalent and then converted into an IQ score (Pearson, 2011b) . It also includes a similar analysis for pupil age, in years and parts of a year. When looking at the subscale scores for the SPM regarding gender and age, there is a statistically significant difference for gender only in subset A, B and C. The Cohen's d effect size for each is small. (t A (832.154) = 5.562, p < .01, d = .376; t B (823.911) = 3.169, p < .01, d = .217; t C (843) = 2.317, p < .05, d = .16). All the differences between WASII pupils and the rest were significant, except for maths score. WASII pupils tended to be older and score higher in each test apart from maths. Table 3 shows the correlations between IQ and the other test scores for the three groups of pupils.
There are few major differences here, except that WASII IQ scores have lower correlation with maths.
Multiple regression was carried out using SPSS and the results are provided in Table 4 showing any correlations with the IQ measures -SPM, NNAT2 and WASII. The table shows the variables with significant correlations only, (p < .05), their impact size and their quasi-effect size related to the IQ measure. Some conclusions from the analysis are given as follows:
• if you perform well in reading, mathematics and Kiswahili, you are more likely to obtain a higher score in the SPM and the NNAT2 tests; • if your peers in the class gain a higher average IQ standardised score when taking either the SPM or the NNAT2 the more likely your own IQ score will be higher; • the older you are and if you are a girl then the likelihood is that you will score lower in the SPM and the NNAT2; • the mother's level of education is negatively related to the NNAT2 score; • the larger the family, i.e. more brothers and sisters in the home, the more likely you are to have a lower WASII standardised score; and • if you are identified by your peers as being high ability then there is a likelihood that your SPM standardised score will be higher.It is interesting to note that none of the school or teacher factors have any significant correlations with any of the IQ measures.
Static and dynamic
Approximately 50 pupils in two groups were tested and retested using the SPM. There were two sets of children known as the 'static' and 'dynamic' groups as follows: • 'Static' -with no additional training between tests; and • 'Dynamic' -with additional training between tests.
The overall raw score gains for the two groups were compared and are shown in Table 5 . The 'dynamic' group clearly made stronger gains than the other where the mean score raised by 5 points. It's interesting to note that there were only 2 children in the static group who increased their score in the second testing round by more than 5 marks. However, in the dynamic group there were 22 children scoring more than 5 marks with 6 children scoring between 14 and 22 marks higher than their first test score. Table 6 shows the gains in scores for the questions related to symmetry. This is relevant as in the workshop the dynamic group discussed and worked through items that included a recognition of one and two line symmetry.
Many of the questions in the SPM are based around column and row pattern development, another skill developed for the dynamic group only. Therefore looking at the gains in scores for the total of the other items there is a statistically significant difference between the static and dynamic groups (Table 7) .
It seems clear that the 'dynamic' group are making more gains than the other on all parts of the test. However, it is important to note that the two groups were not balanced initially. Looking at the differences in their initial scores, the mean score of the static group was lower than the dynamic group (Table 8) . This may call into question the results, as it could be that the 'dynamic' group are more able and capable of making more progress than the other, even without training. Therefore a regression model was used to predict the final score on the initial score, the group, the pupil's gender and pupil's age. The results are given in Table 9 . The final score is significantly related to the initial score and the group, and almost significantly to gender (girls making more progress than boys), but not to pupil's age.
Item progress
It is interesting to look at the progress made on five items in the SPM that specifically illustrate the skills discussed in the workshop session with the dynamic group. Figure 1 compares the progress of both the static and dynamic groups on these items. The cognitive operations that could be utilised in the items are as follows: B4 two lines of symmetry; B5 and B6 one line of symmetry; C5 and D12 pattern development with rows and columns. Figure 1 illustrates this, in terms of the four possible categories:
• Right to wrong • Wrong to wrong • Right to right • Wrong to right
In terms of 'wrong to right' , the 'dynamic' group is clearly making better progress on each item.
Progress on separate sections of the test
Progress on the five different sections of the test (A-E) was also analysed. Table 10 shows the changes in the five section scores for the two groups, and the significance of the betweengroup differences. Three sections are significant at the 5% level -A, B and D. Regression models for each section produced the results shown in Table 11 , for the final total vs. initial total, group, gender and age. In this analysis, final score is significantly related to initial score in all cases, and greater for the dynamic group in all cases except section E. Girls make significantly more progress for sections B and D, and age is not significant in any case. Table 12 shows the test-retest correlations for each of the subsets. For sections B, C and D the dynamic group correlations are lower than the static group. A Wilcoxon signed rank test was carried out on the test-retest scores for the static and dynamic groups. For the static group there were 22 of the 49 participants who scored more on the second test than on the first, 11 of the ranks were tied. In contrast for the dynamic group scores were higher in 38 of the 52 cases with only 3 tied. For the static group the Wilcoxon shows no statistically significant change in rank order (z = −1.306, p > .05, r = −.187) but for the dynamic group the change in rank order was statistically significant (z = −4.81, p < .01, r = −.667). As the effect size in this case is greater than Cohen's benchmark of .5 this represents a large change in the dynamic group scoring.
Discussion
The literature shows much debate around the use of conventional intellectual ability tests in developing contexts (Lynn & Vanhanen, 2002 , 2006 Lynn, 2003; Maqsud, 1980; Sternberg et al., 2001 Wicherts et al., 2010; Wicherts, Dolan, & van der Maas, 2009 ). This paper sets out the findings from research that attempts to identify in part, whether one of three such tests was deemed more suitable in the Tanzanian context as part of a multidimensional procedure searching for intellectual potential amongst poor children. It also looked at the hypothesis that dynamic testing might provide a more fair and equitable means of assessment. Static testing may not fully elicit the abilities of African children owing to the possible lack of development of certain skills, the cultural differences in interpreting the test questions or the lack of experience in the school environment (Ceci & Williams, 1997; Cole et al., 1971; . The intervention for this research regarding static and dynamic testing was similar to that undertaken by regarding the time duration of the intervention, the use of Kiswahili as the language of instruction and the focus on skills that could contribute to the success on this kind of non-verbal reasoning test. To this end the paper addresses two issues through four research questions. Each one will be discussed in turn.
• Of the three IQ tests does one correlate more strongly with other indicators of intellectual potential and ability?
Three IQ tests were trialled with different groups of children from government schools in poor areas of Kinondoni, Dar es Salaam. Two of them (SPM and NNAT2) were group administered and the other (WASII) individually, one on one with an administrator and pupil. Fewer children took the WASII (168) owing to restrictions on time and finance with 823 and 833 taking the SPM and NNAT2, respectively. The results show that children who scored highly in the WASII IQ test were more likely to be identified as high ability possessing intellectual potential by their peers, teachers and test scores. The SPM and NNAT2 mean standardised scores were quite similar with the WASII being much higher. There were significant correlations between the IQ tests and all of the other test outcomes. The correlation for the WASII with the maths score is lower than the other IQ tests.
• Are there any correlations between the IQ standardised test scores and other learning outcomes, family background and school factors?
There is a statistically significant positive correlation between all of the IQ standardised test scores and the maths and reading outcomes. Only the WASII standardised score does not correlate with the Kiswahili score. The findings are as expected with larger families and older children performing less well on the IQ tests. Peer ability and self-confidence also have a positive influence on test scores.
• Does dynamic testing lead to an increase in score levels?
Our results show there is a significant increase in the mean test score using a dynamic approach. The dynamic group make more gains in all parts of the test. Running a regression model to predict the final score on the initial score (because the groups were not homogenous initially) reveals that the final score is significantly related not only to the initial score but also to the group to which you belonged, i.e. static or dynamic. This research, in agreement with others, shows that a short intervention not only increases scores, but also has a statistically significant effect on rank order (Grigorenko & Sternberg, 1998; .
• If there are gain differences in the static and dynamic group scores could this imply dynamic testing provides a greater understanding of what the test items require? say it may not come as a 'surprise' that 'children's performance on novel cognitive tasks improves after practice and being taught specific strategies for taking the same test' (p. 158). However, the intervention for the dynamic group was only around one hour and children were not tested on the same problems they were trained on. Such gains in performance over such a short period of time are difficult and the transfer of new cognitive operational skills to different items is not easy (Detterman & Sternberg, 1993; . Therefore the improvement by the dynamic group and the result that the final score is significantly related to the group to which the child belonged indicates that dynamic testing may provide complementary information than that obtained through static testing. It could also be suggested in agreement with Klingelhofer (1967) that the workshop introduced the children to concepts used in the SPM, such as 'divergence' and 'convergence' that do not exist in the Kiswahili language. It is recognised that our study has limitations. Testing only took part in one district in one country. More tests could have been used in order to consider what could be a culturally appropriate test for identifying intellectual potential. Our results show that utilising different conventional IQ tests may actually produce different standardised average IQ scores. Those administered to the whole class produced lower average scores than those administered one on one. However our sample size for the one on one test was much smaller, which could call this hypothesis into question. For the dynamic testing the intervention and control groups were not balanced initially. Only SPM tests scores were gathered for these 101 students. It would have been beneficial to collect other test scores and background data as in the conventional IQ test sample of 1857.
So where next? Regarding the data collected in this project, it would be interesting to carry out tests of differential item functioning on the items of the SPM comparing the Tanzanian results to those in western samples. Such analysis would shed light on the psychometric comparability of the cognitive tests. This research has also raised other interesting questions to take forward. First, if the research were carried out again in different African countries would similar results be obtained? Second, are different conventional IQ tests more cross culturally transportable than others (Mpofu, 2002) ? Third is the beneficial gain attributed to dynamic testing worth the additional time involved? The results from this research suggest that more consideration and exploration is justified around these concepts to further our understanding and assessment of intellectual abilities. 
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